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(54) ENGINE BRACKET AND METHOD OF CONSTRUCTING AN ENGINE BRACKET

(57)  Disclosed is an engine bracket (2), with a brack-
et body (4), which consists of a first material with a first
material stiffness and first attenuation coefficient, where-
in the bracket body (4) has at least a first connection
surface (16) and at least a first fastening structure (9) for
arrangementon a body of a vehicle (52), at leasta second
connection surface (8) and at least a second fastening
structure (6) for arrangement on adrive unitof the vehicle,

wherein the bracket body (4) is at least partially provided
with an attenuation structure (24) consisting of a second,
plastic material with a second material stiffness and a
second attenuation coefficient, wherein the second, plas-
tic material is overmolded, wherein the second material
stiffness is lower than the first material stiffness and/or
the second attenuation coefficient is higher than the first
attenuation coefficient.
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Description

[0001] The present invention relates to an engine
bracket and a method of constructing an engine bracket.
[0002] Engine brackets and methods of constructing
engine brackets are generally known in the prior art. En-
gine brackets are regularly used in automotive applica-
tions to support different types of engines, e.g., combus-
tion engines like fuel engines or diesel engines, or electric
engines. Such engine brackets are regularly attached,
directly or indirectly, to the engine on one side and, di-
rectly or indirectly, to a body (including a chassis) of the
vehicle on the other side.

[0003] Engine mounts have multiple purposes to
serve. First, they need to allow for a relative displacement
of the engine relative to a body. In most circumstances,
engines are connected to a drive shaft, which itself is
connected, directly or indirectly, to wheels of the vehicle,
which move relative to the vehicle body during driving.
Via the aforementioned connection, the movement of the
wheels relative to the body might exert a force on the
engine, displacing the engine relative to the body of the
car. This is usually accomplished by the use of one or
more elastomeric bushings in the engine bracket. Sec-
ond, to improve the NVH properties of the vehicle, the
engine bracket should not transmit vibrations caused by
the engine to the body and should not generate noise
itself if exerted. Third, to improve dynamic properties as
well as fuel economy of the vehicle, engine brackets
should be as lightweight as possible.

[0004] Since itis typical for most solid bodies to show
resonant behavior, for example one or more eigen-
modes, during construction of an engine bracket, the ex-
ertion spectrum of the to-be-mounted engine should be
taken into consideration, leading to different designs for
different types of engines with different frequency spec-
tra.

[0005] US 11,022,195 B2 discloses an elastic mount
for absorbing static and dynamic loads of a vehicle part,
comprising an inner part to which the vehicle part can be
fixed, an outer part which can be inserted into a receiving
eye, and at least one elastomer mount which elastically
connects the inner part and the outer part.

[0006] It is an object of the invention to overcome the
limitations of the prior art solutions and provide for an
engine bracket thathas a better resonance behavior than
known engine brackets.

[0007] The object is solved by an engine bracket ac-
cording to claim 1 and a method of constructing an engine
bracket according to independent claim 6. Further em-
bodiments are described in dependent claims.

[0008] Hereinafter, an engine bracket with a bracket
body is described, which consists of a first material with
a first material stiffness and first attenuation coefficient,
wherein the bracket body has at least a first connection
surface and atleast afirst fastening structure for arrange-
ment on a body of a vehicle, at least a second connection
surface and at least a second fastening structure for ar-
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rangement on a drive unit of the vehicle, wherein the
bracket body is at least partially provided with an atten-
uation structure consisting of a second, plastic material
with a second material stiffness and a second attenuation
coefficient, wherein the second, plastic material is over-
molded, wherein the second material stiffness is lower
than the first material stiffness and/or the second atten-
uation coefficient is higher than the first attenuation co-
efficient.

[0009] Inone embodiment, the engine bracket may be
made out of metal. Metal is veryrigid, resistant to extreme
temperatures and durable.

[0010] In a different embodiment, the engine bracket
may be made out of a first plastic material. Plastic is light-
erthan metal and can be shaped in more complex shapes
using manufacturing technologies such as molding. Such
plastic material may be a rigid polymer, such as PA 6.6.
[0011] In a further embodiment, metal and plastic ma-
terials might be combined, such that, for example, ametal
core is surrounded by the first plastic material.

[0012] Thefirstfastening structure and the second fas-
tening structure can be positioned on opposite sides of
the bracket body. Also, the first connection surface and
the second connection surface can be positioned on the
same side, or opposite sides of the bracket body and
they can face in the same direction or in different direc-
tions. Some embodiments might comprise multiple fas-
tening structures to be attached to the body of the vehicle
or the engine, such as multiple sockets. This can be nec-
essary for example to increase the strength of the con-
nection between the engine bracket and the respective
engine and/or body part. Those fastening structures can
be positioned adjacent to each other or distributed, for
example on either side of the respective other fastening
structure.

[0013] The first connection surface and/or the second
connection surface can be designed to create a two-di-
mensional or planar connection to the respective body
or engine so as to increase the surface area available
for force transfer, thereby reducing peaks in material ten-
sion under static or dynamic load.

[0014] The location of the first fastening structure and
the first connection surface can overlap as well as the
location of the second fastening structure and the second
connection surface to reduce shear forces.

[0015] Ithas been surprisingly found that the use of an
attenuation structure with a second plastic material with
different material properties than the first material has a
significant impact on the resonance behavior of the en-
gine bracket. If the second plastic material is overmolded,
it creates a bond to the first material and thereby changes
its surface boundary conditions of the bracket body. If
the second material stiffness is lower than the first ma-
terial stiffness and/or if the second attenuation coefficient
is higher than the first attenuation coefficient, the appli-
cation of the overmolded second plastic material can
eliminate eigenmodes and/or move eigenmodes into un-
critical frequency ranges and/or significantly reduce ei-
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genmode amplitudes compared to engine brackets with-
out the attenuation structure by converting kinetic energy
into thermal energy which can then dissipate into the en-
vironment.

[0016] As second, plastic material, a thermoplastic
elastomer (TPE) may be chosen which has found to pro-
vide a strong material bond with the first material.
[0017] According to a first further embodiment, the
bracket body comprises vibration zones, wherein the at-
tenuation structure covers at least parts of or all of the
vibration zones or the vibration zones are atleast partially
or completely overmolded with the second plastic mate-
rial.

[0018] Focusing the application of the second material
to certain vibration zones allows for a reduction in size
and weight of the engine bracket, thereby effectively elim-
inating negative NVH properties while maintaining a low
weight and small packaging.

[0019] According to another further embodiment, the
at least one first connection surface and/or at least one
first fastening structure and/or at least a second connec-
tion surface and/or the at least one second fastening
structure are not overmolded.

[0020] This allows for a more rigid connection between
the engine bracket and the engine and/or the engine
bracket and the body part, as the lack of the second plas-
tic material with lower material stiffness and/or higher
attenuation coefficient reduces undefined dimensions of
freedom of movement.

[0021] According to another further embodiment, the
bracket body comprises stiffening ribs.

[0022] The use of bodies comprising stiffening ribs sig-
nificantly reduces weight compared to solid bodies with
the same material properties.

[0023] According to another further embodiment, the
at least one first fastening structure and/or the at least
one second fastening structure comprise at least one
through hole and/or socket.

[0024] This way, the engine bracket can be mounted
to another component forming a robust connection.
[0025] A first independent aspect relates to a method
of constructing an engine bracket according to the above
description, wherein a computer model of a bracket body
made of a first material is provided and examined for
eigenmodes and vibration zones using a finite element
simulation method, wherein vibration zones are identi-
fied, wherein, at the vibration zones, an attenuation struc-
ture is constructed from the second plastic material.
[0026] Using finite element computer models of an en-
gine bracket allows for identification of vibration zones
that require attenuation. Such vibration zones could be
local eigenmodes of areas of high amplitudes or global
eigenmodes of the engine bracket.

[0027] The computer model can comprise all relevant
design features of the engine bracket including shapes
and material used. That way, resonant behavior can be
numerically simulated.

[0028] Different methods can be used to identify the

10

15

20

25

30

35

40

45

50

55

eigenmodes of the engine bracket such as numeric mo-
dal analysis or frequency response analysis.

[0029] According to a first further embodiment, a com-
puter model of the engine bracket is provided and exam-
ined using a finite element simulation method for eigen-
modes.

[0030] That way, the effectiveness of the application
of the second plastic material can be confirmed and fine-
tuned.

[0031] Furtherfeatures and details will be shown in the
following description in which - where applicable with ref-
erence to the drawings - at least one exemplary embod-
iment will be described in detail. Described and/or shown
features constitute the subject in itself or in any possible
and meaningful combination, eventually also independ-
ent from the claims. In particular, they can be subject of
one or more separate applications. The figures show
schematically:

Fig. 1 athree-dimensional view a first embodiment of
the engine bracket showing overmolded areas;

Fig.2  a three-dimensional explosion view of the en-
gine bracket of Fig. 1;

Fig. 3  athree-dimensional view of the engine bracket
of Fig. 1, wherein the overmolded area and a
non-overmolded area are shown separately;

Fig.4 athree-dimensional view of a second embodi-
ment of an engine bracket with overmolded ar-
eas;

Fig. 5 athree-dimensional view of the engine bracket
of Fig. 4, wherein the overmolded area and a
non-overmolded area are shown separately;

Fig.6  frequency response curve diagrams of engine
bracket 2 of Fig 1 in x-, y-, and z-direction;

Fig. 7 a workflow of constructing an engine bracket,
and

Fig. 8 atopview ofacarwithanengine mounted using
engine brackets according to Fig. 1.

[0032] To improve readability and clarity, identical or

similar features or features with identical or similar prop-
erties or functions in different embodiments may be num-
bered with the same reference numbers.

[0033] Fig. 1 shows an engine bracket 2 according to
a first embodiment in a three-dimensional view.

[0034] The engine bracket2 comprises a bracket body
4 made out of a rigid plastic material, such as PA 6.6,
with known physical properties, in particular a first mate-
rial stiffness and a first attenuation coefficient.

[0035] On a first side 2.1 of the engine bracket 2, a
bushing 6 is located which is designed to be connected
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to an engine of a vehicle, such as a car (see Fig. 8). The
bushing 6 has the function of a fastening structure. The
engine can be a combustion engine like a fuel or diesel
engine or an electric engine. Such engines, which have
oscillating and/or rotating components, exert vibrations
due to imbalances or due to the functional principle of
the engine which might create oscillating momenta that
do not completely extinguish themselves under all con-
ditions. The bushing 6 comprises a first connection sur-
face 8 to be connected to a rod of the or attached to the
engine.

[0036] On a second side 2.2 of the engine bracket 2,
a second fastening structure 9 consisting of three sockets
10, 12, 14 is provided. The sockets 10, 12, 14 are de-
signed to accept bolts or screws to be attached to a body
of the vehicle such as a load-bearing component, e.g., a
beam. A connection surface 16 creates a two-dimension-
al connection to such body in order to reduce tension in
the bracket body 4 and thereby increase its stability, al-
though the connection surface 16 can have a complex,
three-dimensional shape.

[0037] The bracketbody4 comprises a number of stiff-
ening ribs 18, 20 that help to reduce the weight of the
bracket body 4 while maintaining its structural integrity
under load. The stiffening ribs 18, 20 are generally ar-
ranged such that they can absorb a static load of the
engine to be held by the engine bracket 2, and additional
dynamic loads while driving the vehicle.

[0038] The engine bracket 2 has a certain frequency
behavior (see. Fig. 6), in particular, it has certain reso-
nance frequency ranges in which the engine bracket 2
shows high amplitudes of vibrations if exerted externally.
The amplitudes of vibration can be contained locally, or
they can appear over the full bracket body 4. In the given
design, the engine bracket 2 has a local vibration zone
22, inwhich external vibrations in the resonance frequen-
cy range lead to particularly high amplitudes which can
cause rattling and other noises and material weakening.
[0039] To eliminate the resonant frequencies, the
bracket body 4 is overmolded with a second plastic
(dampening) material forming an attenuation structure
24, which is designed as a layer of the second plastic
material covering certain areas of the bracket body 4 as
described hereafter. The attenuation structure 24 is
bonded to the bracket body 4 in a 2K-molding process,
in which in a first step, the bracket body 4 is formed and
in a second step, the attenuation structure 24 is molded
onto the bracket body 4, forming a layer of approximately
even thickness. In other embodiments, the thickness of
the layer might be different.

[0040] The second plastic material is a thermoplastic
elastomer (TPE) with a lower material stiffness than the
material of the bracket body 4 and a higher attenuation
coefficient.

[0041] The first plastic material of the bracket body 4
and the second plastic material of the attenuation struc-
ture 24 form a chemical bond. This chemical bond chang-
es the boundary conditions of the bracket body 4, thereby
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influencing the bracket body’s 4 frequency response and
eliminating the tendency to exhibit high amplitudesinres-
onant excitation circumstances. The dampening proper-
ties of the attenuation structure 24 can, in some instanc-
es, completely eliminate eigenmodes, and in other in-
stances move the eigenmodes to uncritical frequencies
and/or uncritical amplitudes.

[0042] Fig. 2 shows an explosion view of the engine
bracket 2 of Fig. 1.

[0043] The sockets 10, 12, 14 according to the first
embodiment are separate components made out of met-
al. The sockets 10, 12, 14 are inserted into reinforced
through holes 26, 28, 30 of the bracket body 4.

[0044] The bushing 6, which is inserted into a rein-
forced through hole 32, is made out of multiple compo-
nents; a socket 34, an elastomeric bushing body 36, and
a sleeve 38. The sleeve 38, which will connect to a rod
of the engine to be held by the engine bracket 2, is in-
serted into the bushing body 36, which itself is inserted
into the socket 34. An inner cylindrical surface of of the
sleeve 38 forms the connection surface 8.

[0045] The reinforcements of sockets 10, 12, 14, and
through hole 32 are achieved via higher material thick-
nesses of the first plastic material compared to the rest
of the bracket body 4.

[0046] Fig. 3 shows bracket body 4 and attenuation
structure 24 in an explosion view.

[0047] The attenuation structure 24 only covers the
parts of the bracket body 4 close to the second side 2.2
and leaves out areas on the first side 2.1. Therefore,
through holes 26, 28, 30 are lined with the attenuation
structure 24, whereas the through hole 32 is not equipped
with an attenuation structure.

[0048] Fig. 4 shows a three-dimensional view of a sec-
ond embodiment of an engine bracket 2'.

[0049] The engine bracket 2’ comprises two vibration
zones 40, 42. The vibration zone 40 is located at a
through hole 44 at a connection surface 45 for attaching
the engine bracket 2’ to a body of a vehicle. The vibration
zone 42 is located on the opposite side of a fastening
structure 46 of the bracket body 4, where a second fas-
tening structure to the body of the vehicle is arranged
that is similarly configured to the through hole 44, as it
also comprises a connection surface and a through hole
(not visible in Fig. 4 due to the angle of view).

[0050] The fastening structure 46 has a connection
surface 47 to accept a bushing to be attached to an en-
gine of the vehicle.

[0051] Ascan be seenin Fig. 5, attenuation structures
48,50 made out of the second plastic material are located
only on one side of the bracket body 4 - the underside
relative to the views shown in Figs. 4 and 5.

[0052] The engine bracket 2’ is manufactured in a 2K-
molding process, in which, in afirst step, the bracket body
4 is molded and in a second step, attenuation structures
48, 50 are overmolded over the bracket body 4.

[0053] Fig. 6 shows frequency response curve dia-
grams of engine bracket 2 of Fig 1 in x-, y-, and z-direc-
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tion.

[0054] Each response curve diagram shows two
curves, an undampened curve (in dotted lines) and a
dampened curve (in solid lines). The undampened
curves are the result of FEM analyses on the engine
bracket 2 without the presence of the attenuation struc-
ture. The dampened curves are the result of FEM anal-
yses on the engine bracket 2 with an applied attenuation
structure.

[0055] The undampened frequency response curves
generally show multiple eigenmode peaks over the dis-
played frequency range of 0 to 3000 Hz. Those eigen-
mode peaks are steep and have high amplitudes. The
respective frequency behavior of such bracket can be
the root cause for noise generated by the engine bracket
2. In addition, the high amplitudes can cause weakening
of the material of the bracket body 4 over time, increasing
the risk of defects.

[0056] In comparison, dampening the engine bracket
2 by applying the attenuation structure 24 has a number
of beneficial effects: first, it leads to the elimination of a
number of eigenmode peaks. Second, where peaks re-
main in existence, the amplitudes are significantly low-
ered compared to the undampened situation. Third, it is
generally found that the peaks are also shifted towards
lower frequencies.

[0057] Overall, the frequency behavior of the engine
bracket 2 including an attenuation structure 24 is more
favorable than without the dampening structure as the
NVH behavior of engine bracket 2 is improved.

[0058] Fig. 7 shows a flow chart of a design process
for designing an engine bracket.

[0059] In a first step, the engine bracket is designed
using details of the respective use case, which includes
geometrical considerations, load considerations, envi-
ronmental conditions, material selection, etc. The design
usually starts with designing the bracket body, and,
where needed, bushings, sockets, sleeves, etc, including
their location and their dimensions depending on the cir-
cumstances.

[0060] In a next step, an FEM model of the engine
bracket is generated. Usually, this step is performed by
the design software used to design the engine bracket.
[0061] The FEMmodelisthenanalyzed forlocaland/or
global eigenmodes using numerical models that exert
the FEM model and simulate the frequency response.
[0062] If at least one vibration zone is identified, an
attenuation structure is designed. The attenuation struc-
ture can cover the vibration zone, or it can be located
adjacent to the vibration zone, depending on the respec-
tive boundary conditions like available space, heat ex-
posure etc.

[0063] In a further step, the amended FEM model is
analyzed again for local and/or global eigenmodes. If the
amended design meets the required NVH behavior, in
particular sufficient dampening of any resonant frequen-
cies. If the criteria are met, this particular part of the de-
sign process ends.
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[0064] If the NVH criteria are not met, the design is
amended and tested again. This process can be per-
formed in an iterative manner until a desired behavior of
the engine bracket is achieved.

[0065] The process as described above can be per-
formed using automated tools, in particular such using
machine learning methods such as reinforcement learn-
ing.

[0066] A respective embodiment could vary the appli-
cation of the dampening structure and investigate the
impact on the NVH behavior of the engine bracket to
identify an optimum design that creates a desired NVH
behavior with minimum weight and manufacturing costs.

[0067] Fig. 8 shows a top view of a car 52 with an en-
gine 54 mounted using engine brackets 2 according to
Fig. 1.

[0068] The car2comprises a structure of multiple load-

bearing beams and chassis components, including lon-
gitudinal beams 56 as displayed.

[0069] The engine brackets 2 are mounted to those
longitudinal beams 56 via their respective fasting struc-
tures 9 (not shown in Fig. 8) and to the engine 54 via
their respective bushings 6. The engine 54 is therefore
able to move relative to the longitudinal beams 56 of the
car 2.

[0070] While at least one exemplary embodiment has
been presented in the foregoing summary and detailed
description as well as the claims, it should be appreciated
that a vast number of variations exist. It should also be
appreciated that the exemplary embodiment or exempla-
ry embodiments are only examples, and are notintended
to limit the scope, applicability, or configuration in any
way. Rather, the foregoing summary and detailed de-
scription will provide those skilled in the art with a con-
venient road map for implementing at least one exem-
plary embodiment, it being understood that various
changes may be made in the function and arrangement
of elements described in an exemplary embodiment with-
out departing from the scope as set forth in the appended
claims and their legal equivalents.

[0071] Anyfeature disclosed in the claims, the descrip-
tion, and the drawings, including constructive details, rel-
ative positioning or method steps can be relevant to the
invention taken in isolation or in any meaningful combi-
nation with any other feature(s).

List of reference numbers

[0072]

2,2 Engine bracket

2.1 First side

2.2 Second side

4 Bracket body

6 Bushing

8 Connection surface
9 Fastening structure
10, 12,14  Socket
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16 Connection surface
18, 20 Stiffening rib

22 Vibration zone

24 Attenuation structure
26, 28,30 Through hole

32 Through hole

34 Socket

36 Bushing body

38 Sleeve

40, 42 Vibration zone

44 Through hole

45 Connection surface
46 Fastening structure
47 Connection surface
48, 50 Attenuation structure
52 Car

54 Engine

56 Longitudinal beam
Claims

1. Engine bracket (2, 2’), with a bracket body (4), which

consists of a first material with a first material stiff-
ness and first attenuation coefficient, wherein the
bracket body (4) has at least a first connection sur-
face (16; 45) and at least a first fastening structure
(9; 44) for arrangement on a body of a vehicle, at
leasta second connection surface (8;47)and atleast
a second fastening structure (6) for arrangement on
a drive unit of the vehicle (52), wherein the bracket
body (4) is at least partially provided with an atten-
uation structure (24; 48, 50) consisting of a second,
plastic material with a second material stiffness and
a second attenuation coefficient, wherein the sec-
ond, plastic material is overmolded, wherein the sec-
ond material stiffness is lower than the first material
stiffness and/or the second attenuation coefficient is
higher than the first attenuation coefficient.

Engine bracket (2, 2’) according to claim 1, wherein
the bracket body (4) comprises vibration zones (22;
40, 42), wherein the attenuation structure (24; 48,
50)covers atleast parts of orall of the vibration zones
(22; 40, 42) or the vibration zones (22; 40, 42) are
at least partially or completely overmolded with the
second, plastic material.

Engine bracket (2, 2’) according to claim 1 or 2,
wherein the at least one first connection surface (16;
45) and/or at least one first fastening structure (9;
44) and/or the at least a second connection surface
(8;47)and/or the atleast one second fastening struc-
ture (6) are not overmolded.

Engine bracket (2, 2’) according to any one of the
preceding claims, wherein the bracket body (4) com-
prises stiffening ribs (18, 20).
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Engine bracket (2, 2’) according to any one of the
preceding claims, wherein the at least one first fas-
tening structure (9; 44) and/orthe atleastone second
fastening structure (6) comprise atleast one through
hole (26, 28, 30, 32; 44) and/or socket (10, 12, 14,
34).

A method of constructing an engine bracket (2, 2’)
according to any one of the preceding claims, where-
in a computer model of a bracket body (4) made of
a first material is provided and examined for eigen-
modes and vibration zones (22; 40, 42) using a finite
element simulation method, wherein vibration zones
(22; 40, 42) are identified, wherein, at the vibration
zones (22; 40, 42), an attenuation structure (24; 48,
50) is constructed from the second, plastic material.

The method of claim 6, wherein a computer model
of the engine bracket (2, 2’) is provided and exam-
ined using a finite element simulation method for ei-
genmodes.
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